C) spectroscopy and TG-DTA analysis. The reactions of N-methylthiourea (NMTU) and N-ethylthiourea (NETU) with SbX3 (X = Cl or Br) in a 2:1 ligand/metal rate but unexpected products were formed in a 3:1 ligand/metal rate. The compounds are non-electrolytes in solution and spectroscopic data of the compounds are appropriate with six coordinate octahedral geometry by three halide ions and three sulfur atoms from thiourea ligands. N-methythiourea and N-ethylthiourea ligands behave as monodentate in compounds 1-4 with the binding through sulfur. The influence of these compounds 1-4, N-methythiourea and N-ethylthiourea upon the catalytic peroxidation of linoleic acid to hyperoxolinoleic acid by lipoxygenase was kinetically studied.
INTRODUCTION
Antimony (Sb) is a pnictogenic element and its ground state electron configuration is 5s 2 5p
3 [1] .
Antimony(III) halides, interacting with sulfur donor ligands, behave as Lewis acids, while their compounds show a range of structural motifs. One of the reasons of this geometric diversity of antimony(III) compounds is the lone pair electrons located on the antimony atom [2] . Thus, antimony(III) halide compounds with thioamide ligands contain a five coordinated metal center with a stereochemically active lone pair [3] [4] [5] [6] [7] [8] . Antimony has been used as a drug for over more than 100 years. The use of antimony in medicine has been reviewed by Hadjikakou et al. [9] .
Antimonials have been used especially for the treatment of leismaniasis (tropical disease) (e.g. melglumineantimoniate (Glucantime) and sodium stibogluconate (Pentostam)) [9] . The potential anticancer activity of antimony compounds is under consideration [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The last studies indicated that antimony(III) compounds are more active against carcinoma than lymphoma [17] .
It is also considerable that antimony(III) compounds demonstrate strong anti-proliferative activity against human cancer cells [17] . Particularly, the antimony(III) compounds demonstrate selectivity against sarcoma and carcinoma cells [17] .
Lipoxygenase is a family of iron-containing enzyme which catalyzes the oxidation of arachidonic acid to leukotrienes, in a necessary mechanism for the cell lifetime involving in inflammation mechanism [23] [24] . Lipoxygenase inhibition is found to stimulate apoptosis [25] , while the lipid peroxides derived from fatty acid metabolism by lipoxygenase can construct cellular proliferation [26] . So, lipoxygenase inhibitions supply a potential new target for the treatment and chemoprevention for a number of diverse cancers.
Thiourea and its derivatives have wide applications in the agricultural area, science of medicine, and analytical chemistry. The chemistry of thioureas has attracted attention owing to their potential use of reagents for the separation of metal ions and as antifungal, antiviral, and antibacterial agents [27] [28] [29] [30] . The chemical attention of thiourea derivatives lies in the fact that they are ambidentate ligands with nitrogen and sulfur atoms susceptible for coordination and they have binding sites relevant to those in living organisms [31] [32] . The coordination chemistry of thiourea derivatives with p-block elements less well studied than that of the transition metal elements and so this is still a matter of research interest [33] [34] [35] [36] .
In this work, we report the structural and spectroscopic characterization of four novel antimony (III) halide compounds with the thioureas (Scheme 1), N-methylthiourea (NMTU) and N-
and [SbBr3(NETU)3] (4). These new compounds were used to study their influence upon the catalytic peroxidation of linoleic acid by lipoxygenase.
Scheme 1.
Formulas of the ligands used.
MATERIALS AND METHODS

Materials and Physical Measurements
All solvents used were of reagent grade; N-methylthiourea, N-ethylthiourea, and antimony(III) chloride were purchased from Sigma-Aldrich, antimony(III) bromide was purchased from Alfa Aesar. Melting points were measured using a Stuart SMP30 scientific apparatus and are .
Study of lipoxygenase inhibition mechanism
Preparation of the solutions: 0.2 M borate buffer solution was used in all kinetic studies. Borate buffer solution was prepared as defined here: 6.18 g boric acid (H3BO3, 0.1 mol) was added to 300 mL distilled water. The pH was calibrated to 9 with 50% w/v sodium hydroxide. Lastly, the solution was diluted to 500 mL with distilled water [37] . Linoleic acid solution was prepared as defined here: 0.05 mL of linoleic acid was dissolved in 0.05 mL of ethanol (95%). 50 mL of H2O was added in the flask. 5 mL of the prepared solution was added to 30 mL of the buffer solution.
Enzyme solution: 10000 U of enzyme solution for each mL of buffer solution was prepared in ice-cold bath [38] . An amount of 500 U for every 3 mL of reaction mixture is used in every experiment. A unit of lipoxygenase causes and increases in absorption at 234 nm equal to 0.001 per minute.
Method
The activity of enzyme was observed by UV spectroscopy. The enzyme solution (0. , and the amounts of buffer and inhibitor solutions were altered according to the necessary final concentration of the inhibitor. The whole volume of the reaction mixture was 2 mL. Every experiment was repeated three times. All solutions were kept at thermostatic water bath at 25ºC, except from the enzyme solution that was kept at ice cold bath (0ºC).
RESULTS AND DISCUSSION
General Aspects
Antimony ( 
Molar Conductivity Studies
The molar conductance values of 10 
FT-Infrared and FT-Raman Spectral Studies
Characteristic infrared bands of the antimony(III) halide compounds and the free thioureas are shown in Table 2 and Figure 2 . The characteristic infrared bands, responsive to molecular structure, are the strain modes for the ν(N-H), ν(C=S) and ν(C-N) bands [8, [15] [16] . The infrared spectra of compounds represent distinct vibration bands at 1551 cmcm -1 (3) and 1541cm -1 (4), respectively, which are attributed to the ν(C-N) vibrations. Bands at 
UV-Vis Spectral Studies
The UV-Vis spectra of the free N-methylthiourea, N-ethylthiourea, and their antimony(III) compounds in dimethyl sulfoxide is described in Figures 3 and 4 . Free thioureas and their antimony(III) halide compounds exhibit one major absorption band in the UV region. Compounds 1-4 exhibit at 257.50 nm (1), 258.00 nm (2), 257.50 nm (3) and 258.50 (4), respectively, which are assigned to the n-π* transitions. The corresponding absorption band at the free ligands is found at 256.50 nm (NMTU and NETU). The absorption bands shift to lower energy from chloro to bromo Sb(III) compounds. Table 3 ( Figures S5-S14 ).
NMR Spectral Studies
In the 1 H NMR spectra of the compounds, the N-H signal of thiourea ligands became less intense upon coordination and shifted downfield from their positions in the free ligands. The deshielding is related to an increase in π-electron density in the C-N bond upon coordination [27, 29, 30, 34] . The appearance of the N-H signal shows that the N-methylthiourea and N-ethylthiourea are coordinated to antimony(III) via the thione group. Table 3 nm.
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Abs. and free ligands on the oxidation of linoleic acid by lipoxygenase were studied in a vast concentration area. The degree of lipoxygenase activity (A, %) in the presence of these compounds was calculated according to the process described previously [38] . inhibition with other antimony (III) compounds, they display lower lipoxygenase inhibition than the tin compounds in the literature [14, 38] .
